Background: Individuals with a diagnosis of cancer tend to be inactive and have symptoms that impact quality of life. An individualized, community-based Nordic pole walking (NPW) program may help. Methods: Primary Objective: To assess feasibility using the Thabane framework of a randomized controlled trial (RCT). Secondary Objective: To determine the effects of NPW on physical function (Six-Minute Walk Test [6MWT], 30-second [30-s] chair stand test, Unsupported Upper-Limb Exercise Test, handgrip strength, physical activity [PA]), and health-related quality of life (HRQOL, 36-item Short-Form Health Survey [SF -36]). The Study Design: An 8-week multicentered block RCT (no blinding) comparing a community-based NPW program (vs usual daily routine) for adults with non-small cell lung, prostate, colorectal, and endometrial cancer. Results: Eight individuals were enrolled in the study with n = 4 per group (1 dropout in the NPW arm;x = 67 ± 6 years). The study was deemed "feasible with modifications." NPW significantly improved (statistically and clinically) the 30-s chair stand test when compared with baseline. There was improved 6MWT, PA levels, and SF-36 when compared with the control group (not statistically significant). No adverse events occurred. Discussion, Limitations, and Conclusions: NPW was feasible for individuals with cancer and may improve physical function, PA, and HRQOL. Larger samples are required to determine efficacy and/or program effectiveness. Future programs Rehabilitation Oncology
should include collaboration with hospital cancer centers and support groups, promotion of participant and community engagement with NPW, and consideration of the population's unique characteristics. NPW programs should include individualized exercise prescriptions, behavior change techniques, social aspects, HRQOL assessments, and device-measured PA. (Rehab Oncol 2020;38:81-91) Key words: exercise, neoplasms, rehabilitation
In 2019, the incidence of cancer is estimated at more than 1.7 million in the United States, 1 and more than 200 000 in Canada, 2 with 50% comprising lung, colorectal, breast, and prostate cancers. Advancements in cancer detection and treatment have significantly increased survival rates, 3 but quality of life remains suboptimal. Symptoms caused by cancer and/or the treatment of cancer such as fatigue, pain, weight changes, weakness, anxiety, and depression 4 impact health-related quality of life (HRQOL), creating a cycle of inactivity, deconditioning, and worsening symptoms. 5 Engaging in physical activity (PA) may significantly alleviate symptoms; however, PA levels among patients with cancer remain low, 6, 7 with only 40% of patients selfreporting that they are meeting the World Health Organization minimum recommendation of 150 min/wk (vs 71% in healthy adults). 8 According to PA guidelines for adults with cancer, moderate-intensity exercise performed 3 to 6 times resting state is safe and essential for long-term physical and psychological health. 6, 9 PA levels in this population may be low due to additional cancer-specific barriers such as lack of energy, physical symptoms, lack of awareness of specialized programs, and lack of knowledge pertaining to the benefits and safety of PA for those with cancer. 10 Thus, PA programming, guided by practice guidelines, 6, 9 is needed to improve HRQOL and to break the cycle of inactivity and deconditioning.
Nordic pole walking (NPW) is a low-impact, inexpensive, and practical mode of aerobic exercise. It involves walking with a pair of poles customized to an individual's height and stride length. It provides individuals with support and safety during walking, which is particularly useful to those experiencing muscle wasting, functional declines, or general weakness and fatigue. 11 Furthermore, NPW may allow for activities at higher intensities, an essential requirement for positive physiological adaptations. While walking will improve an individual's aerobic capacity, walking with the poles increases the use of the upper body, creating an opportunity to potentially improve upper-body muscular endurance as well. NPW leads to improved PA, HRQOL, balance, and cardiorespiratory outcomes among individuals with chronic conditions such as Parkinson disease, obesity, and diabetes. 11, 12 For women with breast cancer, participating in NPW leads to improved muscular endurance of the upper body. 13 Limited research exists on the effects of NPW among those diagnosed with other cancers and its effect on HRQOL, and cardiorespiratory outcomes.
Given the scarcity of research assessing the effectiveness of NPW for varied cancer populations, it is not clear whether NPW is a feasible intervention. We therefore conducted a study to assess the feasibility of NPW for individuals with stage I-IV non-small cell lung cancer (NSCLC), prostate cancer, colorectal cancer, and endometrial cancer using an established framework. 14 We also sought to determine whether NPW is associated with improvements in physical function and HRQOL.
METHODS

Study Design
We used the Thabane framework to assess the feasibility 14 of a supervised 8-week multicenter randomized controlled trial (RCT), where eligible participants were randomized to either an NPW program or usual care. This framework fit well with our study because it clearly identified feasibility objectives and how they should be measured. Measurements included detailed information used to evaluate the study processes: recruitment, randomization, retention, assessment procedures, new methods, and the implementation of NPW.
Participants were block randomized (block size of 4, computer generated) into the intervention and control groups by a person at arm's length from the study using random.org. Allocation was concealed, and study participants opened the allocation envelope after signing the informed consent and completion of baseline assessments. Assessments were conducted at baseline and upon completing the 8-week intervention or control period. No blinding was used in this study. This study was approved by the research ethics boards of the Ontario Tech University, Lakeridge Health, and Southlake Regional Health Centre. Informed consent was obtained, and the rights of the participants were protected.
Participants
Inclusion criteria included (1) a primary diagnosis (including reoccurrence) of histologically confirmed stage I-IV NSCLC, prostate cancer, colorectal cancer, or endometrial cancer (with any concurrent cancer treatment);
(2) a cancer diagnosis or treatment within the last 3 years;
(3) aged 55 years or older; (4) approval by the primary treating physician; and (5) ability to communicate in English. Exclusion criteria included engagement in NPW within the last 6 months.
Convenience sampling was employed with recruitment conducted at various settings: 2 hospital cancer centers, displaying posters in various locations serving the cancer population, social media, cancer support groups, and snowball referrals from clinicians and participants.
Intervention
An 8-week community-based individualized NPW program was conducted. Participants in the NPW group were categorized into 3 prescription groups by observing the participants walking ability and using the short-form International PA Questionnaire (IPAQ) 15 : highly active, minimally active, and inactive. The IPAQ is a validated self-reported measure of PA levels correlated with maximal oxygen uptake (Vo 2 max). 15 Participants were provided with in-person and written instructions on how to use the poles and practiced NPW for 1 week before starting the 8-week program to account for any potential learning effects on the outcome measures. The NPW group met with a qualified exercise professional who had been course-certified to teach NPW once per week at a community recreational center for 20 to 60 minutes. During this time, participants completed their individualized NPW program and instructors provided feedback as necessary, for example, technique, increasing or decreasing intensity, and answering questions. Participants in this group were also encouraged to complete up to 3 additional independent NPW sessions at home or the community center. For all NPW sessions, participants were instructed to maintain a Borg Rate of Perceived Exertion (RPE) 16 at a moderate intensity (between 12 and 15). Nordixx Global Walker (model NGW-01) was used (Nordixx International Canada, Toronto, Ontario, Canada). Table 1 details prescription group cutoffs and doses of exercise.
To promote adherence in the NPW group, the study employed several behavior change techniques. 17 First, the NPW prescription was individualized on the basis of ability and modified as necessary. Second, participants were asked to write their motivation for taking part in the NPW program, to set exercise-related goals before beginning the program, and to journal distance walked, duration, and RPE during each NPW session. Finally, members of the research team were available to participants by phone or e-mail for encouragement and support.
Participants in the control group continued their usual daily routine with no NPW and activities of daily living for 8 weeks; they were provided the opportunity to participate in the NPW program after the control period.
Measures
Primary Outcome: Feasibility. The Thabane framework uses 4 criteria to measure feasibility: Process (processes that are critical to the success of the study); Resources (time and resource problems that can occur during the study); Management (potential human and data management problems); and Scientific (treatment safety, dose response, effect, and variance of the effect). 14 Before conducting the study, items for each feasibility criterion were created, including how they would be measured. For example, under the criterion Process, one item was recruitment rate, which was collected using call tracking sheets. Based on these criteria, 14 there were 4 possible outcomes:
(1) stop-the study is not feasible; (2) continue, but modify the protocol-the study is feasible with modifications;
(3) continue without modifications, but monitor closely-the study is feasible with close monitoring; and (4) continue without modifications-the study is feasible as is. Ideally, study-specific "rules" for each of the 4 feasibility outcomes are outlined a priori. However, for this study, the outcome was determined after the study by analyzing the overall process, resources, management, and scientific outcomes described in Table 3 .
Feasibility was also measured with a postprogram evaluation survey 18 completed by research assistants, nurses, and participants who completed the NPW program.
Secondary Outcomes: Effects of NPW. Lower-body physical function was assessed using the Six-Minute Walk Test (6MWT) 19 and the 30-second (30-s) chair stand test. 20 The 6MWT is a measure of submaximal functional capacity. Average healthy norms (61-80 years old) range from 583 m (women) to 687 m (men). 21 The minimum clinically important difference (MCID) for adults with pathology ranges from 14.0 to 30.5 m. 22 The 30-s chair stand test is a measure of lower-body strength. In 60-to 94-year-olds, average healthy norms range from 13 (women) to 14 (men). 20, 23 The MCID for individuals with hip osteoarthritis is 2.6 within the group and 2.1 between groups. 24 For individuals with moderate to severe chronic obstructive pulmonary disease (COPD), the MCID is 2.0. 25 Upper-body physical function was assessed using the Unsupported Upper Limb Exercise Test (UULEX), 26, 27 an incremental test that measures peak unsupported arm exercise capacity. UULEX average healthy norms (40-89 years old) range from 11 (women) to 12 minutes (men). 27 Upperbody physical function was also assessed using handgrip strength, 28 with average healthy norms (60-79 years old) ranging from 24 kg (women) and 41 kg (men). 29 The MCID for individuals with stroke is 5.0 and 6.2 kg for the affected and dominant sides, respectively. 30 Health-related quality of life was assessed using the 8 health domain, 36-item Short-Form Health Survey (SF-36) questionnaire (scores ranging from 0 to 100). 31 Participants with NSCLC completed the Functional Assessment of Cancer Therapy-Lung (FACT-L) questionnaire (scores 0-135). 32 For both questionnaires, higher scores equate to better HRQOL. Additional variables included demographic information, cancer diagnosis and treatments, side effects, general health history, and smoking status (baseline only). The IPAQ 15 (as a measure of PA) was collected at baseline and 8 weeks. Planned exercise other than NPW was documented throughout the study. Resting heart rate, oxygen saturation, height, weight, and circumference measurements (bicep, chest, waist, hips, and thigh) 33 were measured at baseline and 8 weeks.
Data Analysis
Primary Outcome: Feasibility. Field notes on the 4 Thabane criteria 14 (Table 3) were used to categorize the study to one of 4 possible outcomes: (1) stop-the study is not feasible; (2) continue, but modify the protocol-the study is feasible with modifications; (3) continue without modifications, but monitor closely-the study is feasible with close monitoring; and (4) continue without modificationsthe study is feasible as is.
Secondary Outcomes: Effects of NPW. Descriptive statistics (mean, median, and standard deviation [SD]) were calculated for numeric data. Nonparametric tests compared intervention and control: a Wilcoxon signedrank test (over time) and a Mann-Whitney U test (between groups). A P value .05 or less was considered significant. Nonparametric tests were selected because an assumption for parametric tests (such as analysis of variance) requires the data be normally distributed with no significant outliers. It was uncertain whether these assumptions were met due to the small sample size. IBM SPSS (Released 2016. IBM SPSS Statistics for Windows, version 24.0. IBM Corp, Armonk, New York) was used for the analysis. 34 Sample Size. Feasibility studies are not designed to determine effect size but rather to help test and refine the study design. 35 Therefore, a sample size calculation was not completed. Suggested sample sizes for feasibility studies are 10% of the sample expected for a larger RCT or 10 to 30 participants. 35 
RESULTS
Eighteen potential participants were screened (between January 2, 2016, and August 31, 2017); of these, 8 were randomized to the NPW (n = 4) or control (n = 4). The majority of potential participants declined participation because of inconvenience ( Figure 1 ) and did not go through the consent process. After randomization, 1 participant withdrew from NPW (Figure 1) . Recruitment was concluded, as sufficient information was obtained to meet the study objectives. The average age was 67 (SD = 5.8) years; 75% of participants were female. There were no significant differences in baseline characteristics between the 2 groups ( Table 2 ). For the NPW group, 2 of the 4 participants were prescribed the "highly active" NPW program and walked an average 4 times a week (once with the NPW instructor, 3 times independently). The remaining 2 participants were prescribed the "inactive" NPW program and walked an average twice a week (once with the NPW instructor, once independently). There was no statistical difference in IPAQ 15 metabolic equivalents (METs) between the NPW and control groups at baseline. The total study costs were $3023.73 (2017 CAD, CAD $1 = €0.68 = US $0.77), which included research equipment. No adverse events occurred during the study.
Primary Outcome: Feasibility
The study was deemed feasible with modifications (Table 3) . Recommendations for future iterations of the program and/or larger trials were based on 3 main observations.
Collaboration With Hospital Cancer Centers and Support Groups. The most successful recruitment technique was with hospital cancer centers (7 participants contacted, 4 enrolled) and cancer support groups (7 participants contacted, 3 enrolled). It was essential to establish rapport with staff and consider effect on daily workflow. Researchers on-site or a staff health provider champion helped with recruitment. Oncologists informing patients about the program may have increased patients' confidence in their ability to participate. Since patients often receive overwhelming amounts of information during initial clinic visits, it was advantageous for research information sessions to be scheduled alongside follow-up visits. Other factors included consideration of competing research (eg, drug clinical trials) and avoiding support group recruitment during holiday times.
Participant and Community Engagement With NPW. Study participants were motivated to increase their PA with NPW, because they were engaged with the intervention. Three of 4 participants completed the full NPW walking program (1 participant discontinued because of bereavement issues). All control group participants expressed interest in trying out NPW. Although none completed the full program, they took advantage of NPW instruction by certified trainers. Six of the 8 participants purchased Nordic poles for after-study use. Finally, participants (based on feedback during in-person sessions) expressed satisfaction with the instructors, the wellness benefits (physical, mental, and emotional energy), and the integration of NPW in their daily activity. Participants also offered constructive feedback for future programs such as integration of social aspects, addressing fatigue and pain issues, investing more time learning NPW technique, and shortening assessment time. On average, the initial assessments took longer than expected but this afforded researchers time to listen and develop a rapport.
Having the appropriate space to administer an NPW program was essential. Strategic relationships with community facilities were established early, and researchers ensured clear communication with staff. Space, noise levels, privacy, and accessibility of the facility were paramount. Administering an NPW program in the home is an option, as researchers traveled to the homes of 2 participants, completing assessments both indoors and outdoors.
The NPW Program and Assessments. Study participants had exercise limitations due to a variety of reasons. During the 6MWT, participants with NSCLC were limited because of dyspnea, whereas participants with greater functional exercise capacity (eg, prostate cancer) reached the tests' maximum limits. Fitter participants reached the UULEX maximum intensity without difficulties, whereas 1 participant with NSCLC had to stop because of underarm pain caused by a scar from lung resection surgery.
HRQOL questionnaires were self-administered but completed with a researcher present. Participants with NSCLC were offended by the FACT-L question on "smoking regrets," and the entire questionnaire was removed postintervention.
Secondary Outcome: Effects of NPW
Anthropometric measures and physical variables for the NPW and control groups are shown in Table 4 . There were significant differences between baseline and postintervention measures of thigh circumference: mean (SD) right thigh from 50.0 (1.3) to 48.0 (3.3) cm; left thigh from 49.0 (3.0) to 46.4 (2.0) cm, P < .05. PA and lowerand upper-body physical function results are presented in Table 5 . In the NPW group, there was significant improvement in the 30-s chair stand test over time with a mean (SD) change from 10.5 (3.7) to 14.3 (4.2) seconds, P < .05. In addition, both groups reached the MCID, 24, 25 with the NPW group achieving higher gains: 3.8 repetitions Figure 2 ).
DISCUSSION
This study examined the feasibility of an RCT comparing an NPW program with usual daily routine in individuals with a diagnosis of cancer. Using the Thabane framework, 14 we found the NPW study to be feasible with modifications. Guidance for further iterations of the program and/or larger trials included recruiting participants in collaboration with hospital cancer centers and support groups, engaging the participants and community, and taking into consideration the population when developing the intervention and assessments.
Recruiting Participants in Collaboration With Hospital Cancer Centers
Participant recruitment challenges are not uncommon in health research, especially involving participants with a diagnosis of cancer or other chronic diseases. 37, 38 Sully et al 39 reported that only 55% of studies involving health-related research reach their target sample size. In this study, hospital-based recruitment was the most successful method for recruiting individuals with cancer. Researchers shared similar exercise goals with the participating organizations and developed a strong relationship with the oncology and support teams to minimize work- flow disruption. Support groups were also successful since researchers had the opportunity to interact with potential participants, immediately address any concerns, and build trust with the patients. 38 Recruitment using posters and social media was less successful (only 2 of 8 were recruited by posters or snowball referral) but offers the potential to be effective if sufficient effort is devoted toward developing in-person and online presence. [37] [38] [39] [40] 
Engaging the Participants and Community
Engagement in NPW may have been high because researchers individualized exercise prescription, integrated several behavioral change techniques, scheduled weekly supervised sessions (in advance and at convenient times), and incorporated NPW into the daily routine. Turner et al 17 in a Cochrane review found similar findings, where adherence to exercise in cancer survivors included supervised exercise environments and prescriptions designed to consider individual capabilities.
One gap that arose during the program was the lack of social support. Group NPW sessions were not possible because of the small sample size. Future research should consider social support because it is linked to increased PA in individuals with cancer. 41 Participants provided feedback on optimizing time management. Despite spending a week prior to the study practicing NPW, they requested more instructor-led time on NPW technique. In addition, investing more time to establish patient rapport creates a mutual understanding, promotes communication, and develops trust. 42 
NPW Intervention and Assessments Development
To elucidate the efficacy of NPW on individuals with cancer, it is helpful to have a more homogeneous population. Therefore, creating NPW programs for cancers or other chronic diseases with similar physical function is advised. For example, the NSCLC group may benefit from a program alongside other chronic respiratory diseases, such as pulmonary rehabilitation for COPD 43 or via a homebased rehabilitation program. 44 NPW has been shown to significantly improve oxygen consumption (compared with standard walking) without increasing breathlessness in individuals with COPD. 45 Outcome measures that consider cancer-specific symptoms should be used. In this study, the FACT-L questionnaire was not a feasible measure of HRQOL. It may not have been appropriate because it was originally created for clinical trials of chemotherapy or radiation therapy. 32 Nevertheless, it is difficult to speculate because of the small sample (only n = 3 completed a baseline FACT-L questionnaire). Until cancer-specific questionnaires assessing exercise interventions are developed, use of generic HRQOL tools such as the SF-36 appear to be more applicable and widely used to measure the efficacy of exercise in the cancer population. 46, 47 Similarly, physical function measures will depend on the population studied. For individuals with NSCLC, assessing objective measures of PA (actigraphy) may be more effective in capturing the overall improvement in endurance. This has been used in the COPD population, 48 but a gap exists in determining suitable outcome measures for NSCLC patients. 49 For participants with other types of cancer who have greater functional capacity, more rigorous submaximal exercise tests should be considered, for example, shuttle walk test or cardiopulmonary exercise tests. A systematic review has found these tests to be safe and feasible for the cancer population. 50
Effects of NPW
NPW showed a statistically significant and clinical 24, 25 improvement over time in the 30-s chair stand test (mean increase 3.8 repetitions). A feasibility study examining the effect of an individualized exercise program on individuals with high-risk colon cancer showed similar improvements with a mean increase of 4.1 repetitions. 51 PA and endurance levels among participants in the NPW group improved over the duration of the study, for example, 1 participant with NSCLC initially walked for 20 minutes and required rests every 5 minutes, and by 8 weeks walked 30 minutes without resting. In addition, the NPW group had a clinically important 22 change in the 6MWT with a 76.4-m improvement over time (compared with 34.2 m for the control group). In the systematic review by Fritschi et al, 11 NPW was recognized for its ability to improve the PA levels of individuals with COPD and diabetes. Increased PA levels in patients with cancer are linked to improved patient outcomes, decreased mortality, and reduced cancer recurrence rates. 52, 53 The NPW group showed improvement in domains measuring emotional health, emotional well-being, and energy and fatigue; the control group showed decline in these domains. This is important considering that depression and cancer-related fatigue impact the HRQOL of patients with cancer. 4, 10, 54 There was a small, significant decrease in thigh circumference from baseline to the final assessment in the NPW group. Since no other notable changes in body weight or circumference measurements occurred over the 8-week period, the observed changes likely resulted from the small sample size. Furthermore, we are unaware of other studies on NPW that report these changes. 11 Overall, these preliminary results show that NPW may improve important outcomes for individuals with cancer and larger studies may support these findings.
Limitations
The primary objective of this study was feasibility. The majority of the participants were recruited from hospitals in a Canadian urban environment and may not be generalizable to other locations. For our secondary objective, limitations included the small sample size, large heterogeneity, and the absence of a "no poles walking program" comparison group. Self-reported items may have been subject to response bias. The researchers conducted all assessments and acted as NPW instructors through the duration of the study, and this may have contributed to interviewer, response, performance, or measurement bias. Any improvements may be linked to confounding factors such as social benefits and supports from the instructors.
CONCLUSIONS
This study of NPW for individuals with NSCLC and prostate, colorectal, and endometrial cancer was feasible, with guidance provided for future research. This includes establishing collaborations with hospital cancer centers and support groups and engaging participants and community. The NPW program should be refined using individualized prescriptions, integrating behavior change techniques, including homogeneous populations (based on physical function), adding social aspects, focusing on HRQOL, and using objective measures of PA. NPW may improve physical function/activity and HRQOL in individuals with cancer; however, larger samples are required to support its efficacy and/or program evaluation to support effectiveness.
